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Abstract
Purpose:  To  evaluate  the  potential  of  iterative  reconstruction  for  reducing  the  dose  given  to
the patient  during  abdominal  CT  scanning.
Materials  and  methods:  A  double  abdominal  CT  scan  acquisition  (Somatom  Deﬁnition  AS+
Siemens) performed  without  contrast  administration  at  —30%  and  at  —70%  of  the  doses  (mAs)
was compared  to  the  standard  acquisition  in  10  patients.  The  raw  data  were  reconstructed  by
ﬁltered back  projection  (FBP)  and  using  the  SAFIRE  iterative  reconstruction  method  (ﬁve  levels
of iteration).  The  signal,  noise,  signal-to-noise  ratio  (SNR)  and  the  contrast-to-noise  ratio  (CNR)
were compared  for  three  regions  of  interest,  including  the  kidney,  psoas  and  abdominal  fat.
Results: The  signal  in  each  region  of  interest  was  not  modiﬁed  based  on  the  type  of  reconstruc-
tion. The  noise  level  decreased  signiﬁcantly  during  the  passage  from  the  FBP  to  SAFIRE,  as  well
as with  the  increase  in  the  SAFIRE  level.  The  SNR  and  CNR  therefore  increased  with  the  use  of
iterative reconstructions.  The  increase  in  noise  observed  between  the  acquisition  at  —30%  and
that at  —70%  was  compensated  by  the  use  of  higher  SAFIRE  levels.
Conclusion:  Iterative  reconstructions  can  be  used  to  improve  the  SNR  and  CNR  at  a  constant
dose or  to  reduce  the  dose  by  keeping  the  same  SNR  and  CNR  on  abdominal  CT  images.
© 2013  Éditions  françaises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
The  basic  principle  for  obtaining  images  by  CT  scan  is  based  on  the  determination  of
attenuation  coefﬁcients  ()  of  the  different  tissues  that  are  crossed  [1].  To  each  pixel  that
makes  up  the  ﬁnal  image,  a  level  of  gray  corresponding  to  the    is  attributed  using  the
Hounsﬁeld  scale.  To  determine  and  differentiate  these  , the  tube/detector  couple  turns
around  the  patient.  The  signal  recovered  in  the  detectors  for  a  CT  scan  image  thickness,
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t  a  given  angle,  corresponds  to  a  projection.  For  each
T  image,  all  of  the  projections  obtained  for  the  differ-
nt  angles  correspond  to  a  sinogram  of  the  CT  image.  In
rder  to  obtain  an  image  that  is  as  close  as  possible  to
he  real  object,  all  of  the  sinograms  of  the  explored  vol-
me  are  sent  to  calculators  to  reconstruct  the  images.  The
implest  reconstruction  method  is  retroprojection.  It  makes
t  possible  to  go  from  the  signal  of  the  projections,  the
adon  space,  to  the  spatial  domain  corresponding  to  the
mage.  It  consists  of  spreading  the  signal  of  each  projec-
ion  in  all  of  the  pixels,  which  make  up  the  image.  This
echnique  leads  to  the  appearance  of  a  blur,  character-
zed  by  a  star-shaped  spreading  artifact,  causing  a loss  of
nformation  for  high  frequencies.  To  compensate  for  this
rtifact,  ﬁltered  back  projection  (FBP),  a  fast  reconstruc-
ion  method  available  in  all  CT  scan  machines,  is  used.
his  method  uses  the  application  of  different  convolution
lters  in  the  real  space.  The  difference  between  these  ﬁl-
ers  is  the  variation  in  noise  and  spatial  resolution.  The
ore  the  ﬁlter  is  called  ‘‘hard’’,  the  more  the  spatial  res-
lution  increases  and  the  more  the  noise  in  the  image  is
mpliﬁed.  This  process  is  inversed  for  ﬁlters  that  are  called
‘soft’’.  These  different  ﬁlters  are  applied  based  on  the
xplored  anatomical  regions  or  the  diagnosis  being  screened
or.  However,  FBP,  which  is  currently  the  most  commonly
sed  reconstruction  method  for  CT  scan,  has  drawbacks.
any  approximations  are  unveriﬁed  in  practice,  due  to  the
bsence  of  taking  into  account  statistical  ﬂuctuations  and
hysical  disturbances.  The  data  obtained  are  noisy  and
nder-sampled.
The  iterative  reconstruction  method,  which  is  the  refer-
nce  method  in  nuclear  medicine  for  the  reconstruction  of
mages,  is  starting  to  reappear  with  CT  scans.  These  recons-
ructions  were  possible  in  nuclear  medicine  or  with  the  ﬁrst
T  scan  machines  because  the  data  were  less  voluminous
o  process  with  the  calculators.  With  the  improvement  of
erformances  of  computerized  tools  as  well  as  the  prior
econstruction  of  data  acquired  by  FBP,  the  data  calcula-
ion  time,  in  principle,  no  longer  poses  a  problem  for  CT
cans  with  the  currently  marketed  solutions.  This  recon-
truction  method  is  based  on  the  idea  of  the  sinogram,
ike  for  FBP  [2,3].  Unlike  FBP,  it  takes  into  account  statis-
ical  ﬂuctuations  and  physical  disturbances.  The  iterative
lgorithms  allow  for  better  quantitative  estimation.  They
ork  by  successive  approximations  to  determine  the  solu-
ion  that  is  the  closest  to  the  real  object.  At  each  iteration,
 new  estimation  of  the  CT  image  is  performed.  Unlike
BP,  iterative  reconstruction  allows  us  to  separate  noise
nd  spatial  resolution.  It  improves  spatial  resolution  in  the
ones  where  the  contrasts  are  highest,  and  reduces  noise
n  the  zones  with  low  contrast,  which  makes  it  possible
or  the  user  to  carry  out  scans  with  lower  dose  levels  or
o  obtain  a  better  image  quality  with  the  same  radiation.
heir  disadvantage  for  the  radiologist  is  the  modiﬁcation
f  the  image  in  terms  of  the  visual  result  related  to  the
moothing  of  the  images.  Each  manufacturer  offers  algo-
ithms  that  vary  by  their  use  and  the  way  they  function.
ertain  reconstruction  algorithms  use  iteration  loops  in
he  raw  data  domain,  others  in  the  image  domain,  and
nally  others  use  iteration  loops  in  both  domains.  Siemens
ith  Sinogram  Afﬁrmed  Iterative  Reconstruction  (SAFIRE)
nd  Philips  with  iDose4 (iterative  Dose)  are  presented  in
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he  form  of  iteration  levels.  Adaptive  Statistical  Iterative
econstruction  (ASIR)  by  General  Electric  applies  a  per-
entage  of  the  iterative  method  compared  to  ﬁltered  back
rojection.  Finally,  Toshiba  markets  Adaptative  Iteration
ose  Reduction  (AIDR),  which  works  by  automatic  setting
nd  AIDR  3D,  which  offers  three  levels  of  selection:  strong,
ild  and  standard.
The  objective  of  our  evaluation  was  to  study  the  inﬂuence
f  an  iterative  reconstitution  method  on  the  signal,  noise,
ignal-to-noise  ratio  (SNR)  and  contrast-to-noise  ratio  (CNR)
n  the  image  so  as  to  consider  dose  reductions  for  future
can  acquisitions.
aterials and methods
ith  a  SIEMENS  SOMATOM  Deﬁnition  AS+  scanner,  composed
f  a  64-detector  bar,  the  proposed  iterative  reconstruc-
ion  method  is  called  SAFIRE  (Fig.  1).  This  method  is  an
mprovement  on  the  previous  version,  IRIS  ‘‘Iterative  Recon-
truction  Image  Space’’  and  has  two  correction  loops.  A
rst  correction  loop  is  made  in  the  raw  data  space.  Using
he  FBP  reconstructed  image  of  the  measured  projections,
 ‘‘ray  tracing’’  is  applied.  This  is  the  ‘‘re-projection’’  step.
ew  projections  are  calculated  using  the  reconstructed
mage.  The  differences  between  the  measured  projec-
ions  and  the  calculated  projections  allow  us  to  obtain  a
ew  sinogram  that  corresponds  to  the  corrected  image.
 second  correction  loop  is  applied  in  the  image  space.
he  corrected  image  from  the  ﬁrst  loop  is  re-projected.
he  projections  obtained  are  then  corrected  using  suc-
essive  iterations  that  update  the  image.  The  noise  and
he  artefacts  are  reduced  by  correction  of  the  geomet-
ic  imperfections  of  the  initial  reconstruction.  The  loop
nds  when  the  level  of  noise  of  the  obtained  image  cor-
esponds  to  that  of  the  level  of  the  selected  iteration.
he  SAFIRE  system  has  ﬁve  levels  of  iterations  that  differ
n  the  selection  of  the  ﬁltering  intensity.  The  higher  the
AFIRE  level,  the  smoother  the  image  and  the  lower  the
oise  in  the  image.  No  clinically  signiﬁcant  difference  in
cquisition  time  has  been  observed  between  the  different
evels  of  iterations  in  the  reconstruction  of  CT  scan  exami-
ations.
In  order  to  check  the  impact  of  the  iterative  recons-
ructions  and  whether  or  not  they  could  be  put  to  regular
se,  ten  patients  who  needed  to  undergo  an  abdominal-
elvic  CT  scan  examination  were  studied  with  a  double
bdominal  acquisition  without  injection  and  without  extra
adiation  compared  to  the  usual  acquisition  protocol.  Using
he  scoutview,  a  double  sequence  was  carried  out  wherein
nly  the  mAs  was  changed  as  an  acquisition  parameter.  The
rst  sequence  was  acquired  with  a  number  of  mAs  reduced
y  30%  (180  mAs  to  125  mAs)  and  the  second  acquisition  with
 reduction  in  mAs  of  70%  (180  mAs  to  54  mAs).  The  doses
eceived  by  the  patients  were  then  almost  equivalent  to  the
ne  proposed  initially.  The  raw  data  of  the  two  acquisitions
as  then  reconstructed  with  the  FBP  and  the  ﬁve  levels  of
AFIRE  (S1,  S2,  S3,  S4  and  S5)  and  an  average  ﬁlter  (B40f  or
40f).  The  regions  of  interest  (ROI)  were  positioned  on  the
eft  kidney,  the  psoas  muscle  and  the  fat  to  study  the  sig-
al  obtained  (Fig.  2).  The  evaluation  of  the  CNR  was  carried
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Figure 1. Sinogram Afﬁrmed Iterative Reconstruction (SAFIRE) iterative reconstruction method, using two correction loops in the raw
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kind permission of Siemens).
out  using  a  reference  region  of  interest  positioned  on  the
abdominal  aorta  (formula  below):
CNR  =
∣∣HURegion −  HUAbdominalaorta
∣∣
√
Noise2
Region
+Noise2
Abdominalaorta
2
(Determination  of  the  contrast  to  noise  ratio  using  regions
of  interest  compared  to  the  abdominal  aorta).
Results
The  column  analysis  in  Table  1  shows  that  the  signal  is  not
modiﬁed  between  the  FBP  and  the  different  SAFIRE  levels
for  the  three  regions  of  interest,  regardless  of  the  dose.  The
passage  from  FBP  to  SAFIRE  results  in  a  decrease  in  noise  in
the  three  regions  of  interest  for  the  acquisitions  carried  out.
On  average,  the  noise  decreases  by  11%  between  the  FBP
and  S1.  This  reduction  in  noise  is  greater  with  the  increase
in  iteration  levels  (12%  between  S1  and  S2  and  18%  between
S4  and  S5).  As  the  signal  was  stable  and  the  noise  decreasing,
the  SNR  increases  the  SAFIRE  levels  even  more.  The  CNR  is
improved  with  the  increase  in  the  SAFIRE  level.
The  comparisons  between  the  acquisitions  of  30%  and
70%  dose  reduction  (4.99  mGy  initially  to  3.44  mGy  for  a  30%
reduction  in  mAs  and  1.52  mGy  for  70%)  from  the  reduction
of  mAs  showed  a  considerable  increase  in  noise  in  the  image
for  the  same  level.  The  noise  increased  by  65%  on  average
for  the  left  kidney  and  63%  and  48%  for  the  psoas  muscle  and
fat,  respectively.  The  signal  for  the  same  level  is  increased
p
b
i
Tobtained corresponds to that of the selected iteration level (with
y  15%  for  the  left  kidney,  although  it  remains  constant  for
he  psoas  muscle  and  fat  (2%  variation).  The  SNR  and  CNR
re  decreased  between  the  two  acquisitions  from  50  to  65%
nd  30  to  45%,  respectively.
The  comparative  analysis  between  S2  at  30%  and  S5  at
0%  shows  that  the  results  of  the  signal,  noise,  SNR  and  CNR
re  relatively  equivalent  regardless  of  the  region  of  interest.
he  70%  S5  reconstructions  allowed  us  to  obtain  images  that
ere  equivalent  in  signal,  noise,  SNR  and  CNR  compared  to
0%  S2  for  a  reduction  of  1.92  mGy  of  the  CTDIvol.
These  data  are  found  in  the  images  of  Fig.  2,  with  a
isual  difference  related  to  the  smoothing  of  the  image.  This
moothing  of  the  image  is  observed  when  the  SAFIRE  levels
re  increased,  which  is  a  characteristic  that  is  speciﬁc  to
terative  reconstruction  methods.
iscussion
his  ﬁrst  approach  for  the  evaluation  of  SAFIRE  iterative
econstructions  highlights  two  points  of  interest  of  these
terative  reconstruction  methods,  that  is  to  say,  both  quali-
ative  and  quantitative.  The  ﬁrst  point  of  interest  is  that  we
re  be  able  to  reduce  the  noise  of  the  image  for  the  same
dministered  dose.  The  SNR  and  CNR  are  therefore  improved
ith  the  increase  in  SAFIRE  levels.  The  second  point  of  inter-
st  is  that  we  are  be  able  to  reduce  the  emitted  X-ray  dose,
articularly  mAs  [4],  while  keeping  the  SNR  and  CNR  sta-
le.  The  increase  in  noise  caused  by  the  reduction  of  mAs
s  compensated  for  in  the  image  by  a  higher  SAFIRE  level.
he  results  of  the  10  patients  show  that  the  decrease  in
1120  J.  Grefﬁer  et  al.
Figure 2. Transverse axial CT image in ﬁltered back projection (FBP), S2 and S5 of a patient for the acquisitions with 30% (a, c, e) and
70% (b, d, f) dose reductions, with 4 regions of interest on the left kidney, the abdominal aorta, the fat and the psoas muscle. Visualization
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o noise ratio (SNR) and contrast to noise ratio (CNR) are equivalen
oise  is  conﬁrmed  with  the  increase  in  SAFIRE  level.  The
uality  of  the  image  obtained  with  a  30%  dose  reduction  is
ery  close  to  the  images  that  are  generally  obtained.  With
he  acquisition  at  a  70%  dose  reduction,  the  image  is  noisy
t  low  SAFIRE  levels.  However,  the  SNR  and  CNR  can  be
mproved  by  using  higher  iteration  levels.  Therefore,  the
evel  of  noise,  SNR  and  CNR  in  the  three  regions  of  interest
b
od Iterative Reconstruction (SAFIRE) level. The signal, noise, signal
ween S2 at 30% (c) and S5 at 70% (f).
or  the  reconstructed  image  with  a  70%  dose  reduction  in  S5
orrespond  to  those  present  in  the  image  with  a  30%  dose
eduction  in  S2.  A  degradation  of  the  acquisition  parame-
ers  causing  a dose  reduction  is  therefore  compensated  for
y  iterative  reconstruction  methods.
The  recent  availability  of  iterative  reconstruction  meth-
ds  in  CT  scanning  has  a  clinical  utility  that  no  longer  needs
Which  dose  for  what  image?  Iterative  reconstruction  for  CT  scan  1121
Table  1  Inﬂuence  of  iterative  reconstructions  on  the  image  quality  for  the  three  regions  of  interest  (ROI)  with  a  70%  or
30%  reduction  in  mAs  at  acquisition.
HU  Noise  SNR  CNR
Kidney  (%)  30  70  30  70  30  70  30  70
FBP  27.4  32.2  31.7  49.7  0.92  0.71  0.44  0.26
S1  27.6  31.8  27.9  44.4  1.05  0.78  0.49  0.29
S2  27.6  31.8  24.4  39.4  1.20  0.88  0.55  0.31
S3  27.6 31.7 20.9  34.3  1.39  1.01  0.63  0.36
S4  27.7 31.6 17.3 29.4  1.67  1.18  0.76  0.39
S5  27.8 31.4 13.9 24.6 2.09 1.42 0.95  0.45
Psoas  (%) 30  70  30  70  30  70  30  70
FBP  44.9  46.6  32.8  52.2  1.48  0.94  0.32  0.24
S1  45.0  46.4  28.9  46.9  1.69  1.05  0.36  0.25
S2  45.1  46.1  25.4  41.2  1.93  1.18  0.39  0.28
S3  45.2  45.9  22.0  35.8  2.23  1.36  0.44  0.31
S4  45.2  45.8  18.6  30.7  2.67  1.59  0.49  0.36
S5  45.6  45.7  15.1  25.6  3.35  1.91  0.60  0.42
Fat  (%)  30  70  30  70  30  70  30  70
FBP  —111.7  —113.6  25.8  38.2  4.59  3.06  4.93  3.15
S1  —111.6  —113.6  22.8  34.0  5.21  3.44  5.56  3.52
S2  —111.4  —113.6  19.9  29.6  5.95  3.95  6.36  3.98
S3  —111.3  —113.4  17.1  25.3  6.93  4.60  7.32  4.57
S4  —111.2  —113.0  14.3  21.3  8.36  5.46  8.79  5.34
S5  —110.8  —112.9  11.9  17.1  10.19  6.85  10.83  6.39
30% represents a mAs reduction from 180 to 125, i.e. a dose reduction from 4.99 mGy to 3.44 mGy.  70% corresponds to a reduction
from 180 to 54 mAs, i.e. a dose reduction from 4.99 mGy to 1.54 mGy. FBP is ﬁltered back projection; S1 to S5 are iteration levels of
the SAFIRE iterative reconstruction method; the noise and the signal in HU are values of the three regions of interest placed on the
psoas muscle, the left kidney and the fat. The SNR is the signal to noise ratio. The CNR is the contrast to noise ratio, for which the
abdominal aorta is the reference. The tension (100 kV), collimation (128 × 0.6 mm), pitch (0.8), reconstruction ﬁlter (B40f or I40f) and
reconstruction thickness (2 mm/1 mm) were set for the two acquisitions.
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[to  be  demonstrated  [5,6].  Using  different  image  processing
methods,  iterative  reconstruction  algorithms  make  it  pos-
sible  to  improve  or  maintain  image  quality  with  lower
radiation.  They  cause  a  noise  limitation,  a  reduction  in  arte-
facts  in  hyperdense  structures,  a  conservation  of  spatial
resolution  or  contrast  while  making  it  possible  to  admin-
ister  a  dose  of  rays  that  is  far  lower  (between  40%  and
60%  depending  on  the  anatomical  region).  However,  more
in  depth  studies  must  be  conducted  to  quantify  the  impact
of  the  smoothing  of  the  image  between  the  SAFIRE  levels  on
the  spatial  resolution  and  the  quality  of  the  diagnosis.
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